ABSTRACT. A 6-month-old female Holstein calf was referred with a history of respiratory distress, anorexia and dehydration. When first examined, a loud harsh murmur was clearly audible from both sides of the thorax. Two-dimentional echocardiography demonstrated a markedly dilated right ventricle and right atrium, hypertrophied myocardium, prominent papillary muscles and a thickened interventricular septum (IVS). A large-sized ventricular septal defect was imaged at the top of the IVS. The aorta was dextrally located and overriding both ventricles. The diagnosis was confirmed as tetralogy of fallot on postmortem examination. KEY WORDS: calf, tetralogy of fallot, ultrasonography.
Congenital heart defects in cattle are uncommon with a reported prevalence of 0.17%, although they constitute a significant proportion of all bovine congenital defects [3] . Of the cardiac defects, tetralogy of Fallot (TOF) is almost always a lethal defect in farm animals. The defect is caused by abnormal development of the conal septum in the embryonic heart, which leads to narrowing of the right ventricular infundibulum (pulmonic stenosis; PS), an inability of the conal septum to participate in closure of the interventricular foramen (ventricular septal defect; VSD) and overriding of the aorta. Right ventricular hypertrophy (RVH) develops as a result of PS [15] . An accurate diagnosis of the disease in the calf is valuable for making a decision regarding the animal's prognosis. There have been a few reports in calves for diagnosis of TOF by echocardiography. Lacuata et al. [8] and Reef and Hattel [13] investigated the disease using Mmode echocardiography (M-mode echo). Other studies have provided limited information for investigating the disease using 2-dimensional echocardiography (2-D echo) [4, 6, 10] . This note describes in detail the results of a clinical examination, 2-D echo, and laboratory and postmortem findings of a calf with TOF.
The six-month-old, 260-kg female Holstein calf was referred with a history of respiratory distress, anorexia and dehydration. On presentation, the animal was ataxic and emaciated. She had white mucous membranes and always was recumbent, and dyspnoea and cyanosis of mucous membranes were observed when the animal was coaxed to rise and move for a short distance. The calf was inappetant and had a rectal temperature of 39.4°C, tachycardia (170 beats per minute) and a respiratory rate of 35 breaths per minute. The jugular vein was distended with a prominent pulsation. Submandibular edema was present. A loud pansystolic harsh murmur of Levine grade 6/6 accompanied by a precordial thrill was clearly audible over the entire left and right hemithoraxes with the point of maximal intensity over the pulmonic valve area. Hypervesicular lung sounds were auscultated on both lungs especially in the cranioventral area.
The thorax and the abdomen were scanned from dorsal to ventral, using an ultrasound scanner equipped with a 3.5 MHz linear transducer (Model RT 2600, Yokogawa Medical Systems, Tokyo, Japan). Abnormalities in ultrasonograms were confined to the heart and liver. The heart was examined as described by Braun et al. [2] , and the liver was scanned according to the method of Braun [1] . An echocardiogram obtained from the right hemithorax demonstrated a hypertrophied right ventricular wall (2.6 cm) and thickened interventricular septum (IVS) (2.8 cm) and left ventricular wall measured (2.3 cm). These measurements were taken during systole. The pericardium contained an echogenic material ( Fig. 1) . A discontinuity at the top of the IVS was imaged, suggesting a high large-sized VSD. The right atrium was markedly dilated ( Fig. 2A) . The aorta was located dextrally and overriding both ventricles (Fig. 2B) . The pulmonary valve and the pulmonary artery could not be visualized. Unfortunately, there was no opportunity to perform Doppler echocardiography in order to determine flow characteristics. On the basis of the ultrasonographic findings, TOF was suspected.
The caudal vena cava (CVC) was examined in the 12th intercostal space of the right abdomen, and in contrast to the normal vessel that appears triangular [1, 9] , it was severely distended and somewhat circular. Dilatation of the right hepatic vein was also detected sonographically, and the dilatation can be traced to an enlarged CVC. For humane reasons and because of the severity of clinical signs, cardiac catheterization was excluded from the cardiac examinations.
Arterial blood-gas analysis showed PO 2 , 44 mmHg (normal, 85-105), PCO 2 , 28 mmHg (normal, 35-55) and pH 7.48 (normal, 7.32-7.45). An apex-base lead electrocardiogram revealed sinus tachycardia, deep QRS complex of 1.7 mV (normal, 1 mV) and tall and wide T wave of 0.7 mV (normal, 0.3 mV). Hematological and biochemical data are shown in Table 1 . Reference values were cited from Kaneko et al. [7] and Radostits et al. [12] .
The calf died overnight and a necropsy was performed the following morning. The calf's heart appeared markedly enlarged with a nearly global apex. The pericardial cavity contained about 200 ml of reddish fluid mixed with fibrin clots. The aorta was overriding toward the right ventricle, connecting with the two ventricles. There was a large perimembranous type VSD (3.5 × 7 cm). The right ventricle was enlarged and markedly thickened. The right ventricular outflow tract (RVOT) (infundibulum) was hypoplastic and a fibrosis in the infundibular muscle and RVOT, possibly due to high velocity outflow, was found. The pulmonary valve was small and stenotic with the lumen at the pulmonary valve measuring 1.5 cm in diameter. The right atrium was enlarged. A fibrous continuity between the aortic valve and tricuspid valve was noted (Fig. 2C) . The lung showed congestive edema with ecchymotic and suffusive hemorrhage. The liver was congested and enlarged with round edges, and the CVC was severely dilated. Other findings included moderate ascites, hydrothorax and mesentric edema. The postmortem findings confirmed the diagnosis of TOF consisting of VSD, RVH, PS and dextral overriding of aorta.
A wide variety of congenital heart defects has been described in cattle [11] . Most frequently encountered are VSD (42 to 65%). Tetralogy of Fallot is one of the more common congenital defects that cause cyanosis in animals. The designation TOF is often given to a complex defect that includes a medium-to-large VSD and a moderate-to-severe PS, regardless of the exact position of the aortic root. The RVH usually follows secondary to the PS, and the degree of aortic malpositioning is variable and of limited hemodynamic importance. The pathophysiology of TOF and related lesions depends on (1) the size of the VSD, (2) the severity of the PS and (3) the systemic vascular resistance [15] .
The physical examination indicated that the calf had a congenital heart defect. Hypoxemia was consistent with severe pulmonary dysfunction secondary to congestive heart failure. In bovine, polycythemia, a result of chronic hypoxemia, is usually associated with TOF [8, 10, 13, 14] . However, in response to the arterial hypoxemia, there was no polycythemia in the present case, and this finding was also reported in other studies [5, 6] . We believe that this phenomenon was a major contributing cause for the death of the present case.
The cyanotic mucous membranes observed in the calf may be resulted as a sequel to shunting of blood between the two ventricles, the biventricular origin of the aorta and to the resistance across the stenotic RVOT. This allowed the ready diversion of RV output away from the pulmonary artery as pulmonary vascular resistance developed. Moreover, together with the stenotic pulmonic valve, the VSD in our calf was large and would have allowed the free flow or shunting of blood between the two ventricles.
A definitive diagnosis, by echocardiography, could not be established because the origin of the pulmonary artery was not accessible ultrasonographically owing to the overlying lung. In other veterinary reports of TOF, neither the pulmonic valve nor the pulmonary artery could be visualized ultrasonographically. In these studies, the pulmonary artery was either severely hypoplastic [13] or stenotic [6, 14] . In a study of extreme TOF [10] , three calves had atretic pulmonary artery. A valvular type of pulmonic stenosis (thickened pulmonic valves) with dilation of the pulmonary artery dis- tal to the pulmonary valves was found in other reports [5, 8] .
In cattle, the normal CVC is characteristically triangular on cross-section on sonograms because it is embedded in the Sulcus Venae Cavae in the liver parenchyma [1, 9] . In the present report, together with distension in the jugular vein, the severe dilation of the CVC and congestion of the hepatic veins indicated a right-sided heart failure. Thus, a rightsided cardiac insufficiency may be presumed when the cross-sectional shape of the CVC in the region of the liver is oval to round rather than triangular, and when the CVC diameter is increased. It should also be considered that distension of the CVC might be caused by other etiological factors such as occlusion of the vessel by a thrombus [9] . In the present calf, although there was no opportunity to check the back flow of the blood through the tricuspid valve, the round shape of the CVC, the enlarged hepatic veins and the distended jugular vein may have been resulted from regurgitation of blood through the tricuspid valve. Moreover, the fluid detected postmortem in the pericardium may have played a role in this congestion. The increased activities of hepatic enzymes, together with the high concentration of total bilirubin indicated a severely disturbed hepatic function that was mainly caused by the liver congestion. The ECG was insensitive, however, the deep QRS indicated ventricular hypertrophy.
The increasing availability of diagnostic ultrasound equipment and the technical understanding of the 2-D echo will assist the early diagnosis of TOF in calves. A thorough understanding of cardiac anatomy by the echocardiographer is essential for accurate diagnosis of the defect, as the echocardiographic examination is quite challenging.
